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D-class power amplifier with electric power regeneration function 



(57) A D-class power amplifier of two channels in 
which an increase in power voltage due to a regenera- 
tive current is prevented and a high efficiency in utiliza- 
tion of electric power is attained. Two D-class power am- 
plifying circuits (40, 50) included in the D-class power 
amplifier of the two channels are constructed by oppo- 
site phases. A preprocess is performed only to low fre- 



quency components of input signals (31 , 33) so that they 
have a substantially equal amplitude in the two chan- 
nels, and the resultant low frequency components are 
supplied to the D-class power amplifying circuits (40, 50) 
respectively. The other ends of loads (41,51) connected 
to the D-class power amplifying circuits (40, 50) are con- 
nected to a neutral potential point of the power voltage. 
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OBJECTS AND SUMMARY OF THE INVENTION 

[001 3] The invention is made to solve the drawbacks 
and it is an object of the invention to provide a D-class 
power amplifier in which an increase in power voltage 5 
due to a regenerative current is suppressed. 
[0014] According to the invention, there is provided a 
D-class power amplifier for supplying an amplification 
signal obtained by amplifying two input signals to two 
loads which are mutually connected at one end of each 10 
load, comprising: 

two D-class power amplifying circuits having output 
terminals connected to the other ends of the two 
loads, respectively; 15 
a preprocessing circuit for performing a predeter- 
mined preprocess to the two input signals and sup- 
plying the processed signals to the two D-class 
power amplifying circuits; and 

a power supply circuit for supplying an electric pow- 20 
er to the two D-class power amplifying circuits, 

wherein one of the two D-class power amplifying 
circuits executes an anti-phase power amplifying proc- 
ess and the other of the two-D-class power amplifying 25 
circuits executes an in-phase power amplifying process, 

the preprocessing circuit executes a process for 
equalizing amplitudes of two input signals in a low 
frequency band, and 30 
a node of the two loads is connected to a potentially 
neutral point of an output voltage from the power 
supply circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 35 
[0015] 

Fig. 1 is an explanatory diagram showing a principle 
of an increase in power voltage in a D-class power 40 
amplifying circuit which is driven by both of positive 
and negative power supplys; 

Fig. 2 is a block diagram showing the construction 
of a D-class power amplifier according to an em- 
bodiment of the invention; and 45 
Fig. 3 is an explanatory diagram showing the oper- 
ation of D-class power amplifying circuit portions in 
the apparatus in Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 50 
EMBODIMENT 

[0016] Fig. 2 is a block diagram showing the construc- 
tion of a D-class power amplifier according to an em- 
bodiment of the invention. . 55 
[0017] In Fig. 2, an L channel signal of stereophonic 
audio signals is supplied from an input terminal 1 0, while 
an R channel signal is likewise supplied from an input 



terminal 20. 

[0018] A presignal processing circuit 30 is a circuit for 
performing a predetermined pre-signal process to those 
input signals and generating signals to be applied to a 
D-class power amplifying circuit at the post stage of the 
circuit. As shown in Fig. 2, the circuit comprises: high 
pass filters (hereinafter, simply abbreviated to HPF) 32 
and 34 having a same cut-off frequency; a low pass filter 
(hereinafter, simply abbreviated to LPF) 33; and signal 
adding circuits 31 , 35, and 36. 

[0019] Each of those filters may be constituted by an 
analog filter, such as the so called LC filter an active filter 
and the like. It is also possible to realize the filter as a 
digital filter by a signal processing using what is called 
a digital processor (hereinafter, simply abbreviated to 
DSP). If the filter is constituted by the DSP, a DSP chip 
may be formed in such a way that whole pre-signal 
processing circuit 30 that additionally includes the signal 
adding circuits is constructed in the DSP chip. 
[0020] Although D-class power amplifying circuits 40 
and 50 are D-class power amplifying circuits for the L 
channel and the R channel, respectively, and have the 
same amplifying function, phases of output signals of 
those circuits are opposite. Each of the D-class power 
amplifying circuits 40 and 50 includes a low pass filter 
to remove a D-class switching signal and its harmonic 
components at an output stage thereof. 
[0021] Speakers 41 and 51 are loads of the D-class 
poweramplifying circuits 40 and 50, and convert electric 
signals from the L channel and the R channel into acous- 
tic signals to be output, respectively. As mentioned 
above, the phase of the output signal of the D-class pow- 
er amplifying circuit 40 for the L channel and that of the 
D-class power amplifying circuit 50 for the R channel 
are opposite. Therefore, the speaker 41 for the L chan- 
nel and the speaker 51 for the R channel are connected 
to the D-class power amplifying circuits in such a way 
that polarities of the speakers are opposite as shown in 
Fig. 2, so that the reversed phase relation does not ex- 
ists in the reproduced sounds in the form of acoustic sig- 
nals. That is, the connection of the speakers is such that 
when signals of the same polarity are applied from the 
D-class power amplifying circuits, directions of move- 
ments of the diaphragms of the speakers are opposite 
to each other. 

[0022] A positive side power supply 60 and a negative 
side power supply 61 are power supply circuits for sup- 
plying an electric power for allowing the D-class power 
amplifying circuits 40 and 50 to drive the speakers 41 
and 51 as loads, respectively. As those power supplys, 
it is possible to use power supplys of a generally used 
type that rectifies a step-down AC output from a trans- 
former to obtain a DC current, or power supplys of the 
so called switching power suplly having a high power 
efficiency. 

[0023] With regard to the embodiment shown in Fig. 
2, the operation in the presignal processing circuit 30 
will be described first. 
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frequency band described above, magnitudes of the 
load currents and iL2 are substantially equal. Since 
the D-class power amplifying circuits 40 and 50 operate 
at the opposite phases, the phases of iL1 and i!_2 are 
also opposite. In the circuits of Fig. 3, therefore, with 5 
respect to the signals of the frequency band of frequen- 
cies near about 70Hz or lower, magnitude of the con- 
sumption current i1 of the positive side power supply 
and that of the consumption current i4 of the negative 
side power supply are substantially equal. The current 10 
i4 is stopped for a period of time during wh ich the current 
it flows. The current i1 is stopped for a period of time 
during which the current i4 flows. 

[0037] As described in Fig. 1, the timings when the 
consumption currents and the regenerative currents to/ is 
from both of the positive and negative power supplys 
are determined by switching timings in a combination of 
the switching devices S1 and S2 or S3 and S4. That is, 
when the consumption current i1 flows, the regenerative 
current i3 is stopped. When the consumption current i4 20 
flows, the regenerative current i2 is stopped. 
[0038] When the above-described timings at which 
the currents flow will now be summarized, the consump- 
tion current 11 and the regenerative current i2 flow si- 
multaneously to the positive side power supply +Vcc, 25 
and the consumption current i4 and the regenerative 
current i3 flow simultaneously to the negative side pow- 
er supply -Vcc. Since a value of the regenerative current 
is always smaller than that of the consumption current 
due to the law of conservation of energy, relations of i1 30 
> \3 and i4 > i2 are always satisfied in the circuits of Fig. 
3. There is a predetermined relation between the values 
of the consumption currents and the values of the re- 
generative currents. In Fig. 3, if the consumption cur- 
rents are set to it = i4, since the constructions of the D- 35 
class power amplifying circuits of both of the R and L 
channels are symmetrical, the regenerative currents are 
also set to i2 = i3. From the above explanation, the re- 
lations of i1 > i2 and i4 > i3 are satisfied in the circuits 

[0039] That is, in the circuits of Fig. 3, at the timing 
when the consumption current i1 and the regenerative 
current i2 flow simultaneously, the whole regenerative 
current i2 on the R channel side is consumed as a con- 
sumption current i1 on the L channel side, and no elec- 45 
trie power is regenerated to the positive side power sup- 
ply +Vcc. The capacitor C1 of the positive side power 
supply unit, therefore, is not charged by the regenerative 
current i2 and the value of the positive side power supply 
+Vcc does not rise. 50 
[0040] Since the relation of i1 > i2 is satisfied as men- 
tioned above, the consumption current which is supplied 
from the positive side power supply +Vcc to the load 41 
is only the difference (i1 - i2) which could not be supple- 
mented by the regenerative current i2. The consumption ss 
current from the power supply, therefore, can be remark- 
ably reduced as compared with the conventional system 
such that the whole consumption current ii on the L 



channel side is supplied from the positive side power 
supply +Vcc. In association with it, a small capacity and 
a miniaturization of the power supply unit can be also 
realized. 

[0041] The timing when the consumption current i4 
and the regenerative current i3 flow simultaneously is 
also specified in a manner similar to the case of i1 and 
i2 mentioned above. That is, the whole regenerative cur- 
rent i3 on the L channel side is consumed as a consump- 
tion current i4 on the R channel side : no electric power 
is regenerated to the negative side power supply -Vcc, 
and the voltage of the negative side power supply does 
not rise. The current which is supplied from the negative 
side power supply -Vcc to the load 51 is also only the 
difference between the consumption current i4 and the 
regenerative current i3, and the electric power con- 
sumption can be reduced: 

[0042] According to the present invention, the selec- 
tion of the timing when the consumption current and the 
regenerative current flow is not limited to that in the case 
where i1 and i2 (or i3 and i4) flow simultaneously as in 
the embodiment described above. It is sufficient that a 
ratio of the times during which i1 and i3 flow, that is, a 
ratio of on/off times of S1 and S2 is equal to a ratio of 
the times during which i2 and i4 flow, that is, a ratio of 
on/off times of S3 and S4. 

[0043] That is, it is not always necessary that i1 and 
i2 (or i3 and i4) flow simultaneously. So long as time ra- 
tios of the switching operations of the two circuits are 
equal, any problems hardly occur since the consump- 
tion and regeneration of the electric power are executed 
at a high speed while a good balance is maintained be- 
tween them. 

[0044] In the embodiment described above : the pre- 
process for equalizing the amplitudes of the L channel 
signal and the R channel signal has been executed with 
respect to only the low frequency components of the in- 
put signals of both channels because it is necessary to 
prevent any change to the auditory sense in association 
with the deterioration of the channel separation. 
[0045] Specifically speaking, in the embodiment, the 
cut-off frequencies of the HPFs and LPF included in the 
presignal processing circuit 30 are set to frequencies 
near about 70Hz. With respect to the signals in the fre- 
quency band of the frequencies near about 70Hz or low- 
er, therefore, the amplitude equalizing process of both 
of the channel signals is validated, however, the process 
does not act effectively with respect to the signals in a 
frequency band of the frequencies above 70Hz. 
[0046] With respect to the signals in the frequency 
band of the frequencies near about 70Hz or higher, 
therefore, the signals which are supplied to the D-class 
power amplifying circuits become the input signals 
which are inherent to both channels and, naturally, those 
signals have different amplitudes and phases every 
channel. That is, with respect to the signals in the fre- 
quency band of the frequencies near about 70Hz or 
higher, the amplitude relation or phase relation regard- 
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